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Joint mice migration into the deep digital flexor tendon sheath in
dogs. Clinical cases and anatomical study
Abstract
This study describes the appearance of 'joint mice' in the sheath of the deep digital flexor muscle tendon
(DDFT) due to osteochondritis dissecans (OCD) lesions in the talocrural joint of 12 dogs. Surgical
excision of all free fragments in the DDFT sheath was performed in five dogs, and their clinical
progression was documented. The excision of free fragments from the DDFT sheath, but not
arthro-tomy, proved clinically beneficial despite the presence of degenerative joint disease. The
anatomical communication between the talocrural joint and the DDFT sheath and its dimensions are
further illustrated with the use of contrast media and dissection of cadaver limbs
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Summary
This study describes the appearance of ‘joint mice’ in
the sheath of the deep digital flexor muscle tendon
(DDFT) due to osteochondritis dissecans (OCD) lesions
in the talocrural joint of 12 dogs. Surgical excision of
all free fragments in the DDFT sheath was performed in
five dogs, and their clinical progression was docu-
mented. The excision of free fragments from the DDFT
sheath, but not arthro-tomy, proved clinically beneficial
despite the presence of degenerative joint disease. The
anatomical communication between the talocrural joint
and the DDFT sheath and its dimensions are further il-
lustrated with the use of contrast media and dissection
of cadaver limbs.
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Introduction
The deep digital flexor muscle of the dog
consists in two heads. The large lateral head
of the deep digital flexor muscle runs across
the sustentalucum tali along the plantar as-
pect of the hock, and the second, weaker
head, is located more medial (1). The syn-
ovial sheath of the deep digital flexor tendon
(DDFT) communicates with the capsule of
the talocrural joint in the region of the exten-
sor surface of the tarsus (1, 2).
Osteochondritis dissecans (OCD) is an
uncommon condition of the hock in dogs
(3). Loose cartilage fragments caused by
OCD can, in rare cases, migrate through the
communication from the joint into the
DDFT sheath. These fragments, bathed in
synovia, have the potential to grow and in-
crease in volume over time. Subsequent in-
flammatory reactions cause palpable en-
largement of the plantaromedial aspect of
this area (4) and mobility of the DDFT is re-
stricted and painful (5). These fragments
may be excised to improve joint mobility.
Surgical exploration of joint mice in the
DDFT sheath is described in one previous
publication (4).
This present report describes DDFT
sheath joint mice of varied size, number, and
location in 12 dogs, and the outcome of sur-
gical fragment removal in five dogs. In addi-
tion, the presence and morphology of the
connection between the talocrural joint and
the DDFT sheath in unaffected joints was
investigated on dissection and using elas-
tomer casting resin in 20 cadaver limbs.
Materials and methods
Animals
The medical records of 12 dogs with radio-
graphic evidence of free fragments within the
DDFT sheath were examined. Of these, six
dogs were admitted to our clinic between 2005
and 2007, and complete medical records, in-
cluding orthopaedic examinations, radio-
graphs, ultrasonographic and/or computed to-
mography (CT) evaluations, force plate analy-
sis, and surgery reports, were available in five
dogs. In the sixth dog, only radiographs were
available because the owner declined further
examination and treatment. In two further
cases, joint fragments were documented on
radiographsofdogs inprivatepractices,but the
owners declined treatment. A further four
cases, for which only radiographs were avail-
able, were found by reviewing our radio-
graphic library of cases with a diagnosis of
OCD of the hock over the past eight years.
In addition, 20 hindlimbs of 10 large-
breed dogs that had died or that had been eu-
thanatized due to reasons unrelated to ortho-
paedic disease were used to investigate the
presence and size of a communication be-
tween the talocrural joint and the DDFT.
Orthopaedic investigation
Orthopaedic examination was performed in
five cases prior to surgery, as well as four and
12 weeks after surgery. Lameness was cat-
egorized from grade I (slightly lame) to grade
V (not weight bearing) (6). Range of motion
of both the affected and unaffected hock was
measured with a goniometer (Synthes GmbH
& Co KG, Umkirch, Germany) with the dog
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in lateral recumbency. The angles of exten-
sion and flexion were determined by measur-
ing the angle between the longitudinal axis of
the metatarsal bones III and IV and the tibial
shaft (7). A series of five measurements with
a mean were obtained per each angle. Passive
joint movement and digital pressure assessed
joint and DDFT pain.
Radiographs
Extended and flexed dorsoplantar and medi-
olateral views of both tarsal joints before
and after surgery were examined. The post-
operative radiographs were performed im-
mediately after surgery, as well as four to 12
weeks postoperatively. Additional plantaro-
medial-dorsolateral oblique (45°), plantaro-
lateral-dorsomedial oblique (45°), and flex-
ed dorsoplantar (8) projections of both talo-
crural joints were obtained under general
anaesthesia before surgery for more precise
location of the fragments (3).
Finally, the DDFT sheaths were radio-
graphed following ultrasound-guided injec-
tion of 2 ml of diluted (1:6) iodinated
contrast agent
a
into the caudal protuberance
of both the affected and unaffected sheaths
in one case in which evidence of degener-
ative joint disease (DJD) was found in both
tibiotarsal joints but a free fragment was
found in only one joint. In this case, medi-
olateral radiographs were taken five and 10
minutes after injection and joint movement.
Computed tomography
A third-generation CT scanner (Linear
probe 12 to 5 MHz,ATL HDI 5000 Scanner,
Philips AG Medical Systems, Zurich, Swit-
zerland) was used to evaluate the talocrural
joint and DDFT in five cases immediately
prior to surgery.The dogs were positioned in
ventral recumbency with the scan plane di-
rected parallel to the proximal surface of the
extended talocrural joint. Images were ac-
quired with a slices thickness of 3 mm and a
table feed of 2 mm at 130 KVp and 210 mA.
The images were evaluated for signs of DJD
and the presence of free fragments.
Ultrasound
The affected DDFT sheaths of two dogs
were investigated by ultrasound (Siemens
Somatom ART, Siemens Switzerland AG,
Dietlikon, Fahrweid, Switzerland). The free
fragments were visualized and measured.
The unaffected contralateral sheath was also
scanned for comparison.
Force platform analysis
Five dogs were examined using force plate
gait analysis (Model OR6–7, AMTI Ad-
vanced Medical Technologies Inc., Water-
town, MA, USA) before, and 16 weeks after
surgery. The dogs were trotted across the
force platform with a velocity of 2.0 ± 0.15
m/s and an acceleration / deceleration < 0.5
m/s
2
. Platform signals of the first five valid
trials were collected and stored on digital
software (Acquire 7.3, Sharon Software
Inc.). Peak vertical forces (PVFs) and verti-
cal impulse (PVI) were collected from both
hind limbs, and were expressed as a percen-
tage of body weight (% BW).
Statistical analyses
Statistical software (StatView 5.1, SAS In-
stitute Inc.) was used for the analyses. Sum-
mary statistics were reported as mean ± SD.
Preoperative and postoperative PVFs, PVI,
and degree of motion of the hock joint
(flexion and extension) were each compared
between the affected and healthy hind limb,
using paired t-test. An analysis of variance
(ANOVA) with repeated measures in-be-
tween the factors time, status (healthy or af-
fected leg) and pre- and postsurgery was
performed. The repeated measures were
computed via multivariate ANOVA. The
model with two within (repeated) factors
‘leg’ and ‘surgery’ that have both two levels
(affected / healthy leg; pre / post surgery)
were used with interaction in a contrast ma-
trix (StatView 5.1, References, p 441). Stat-
istical significance was set at P<0.05.A stat-
istical tendency was set at P≤0.2 and
P≤0.05.
Surgery
A standard medial approach to the talocru-
ral joint (9) was performed in all five dogs to
six hock joints under general anaesthesia.
The DDFT sheath was approached from the
medial aspect and a medial tenosynovec-
tomy was performed in the proximal pouch
of the DDFT sheath to excise the fragments.
An additional minimal horizontal plantaro-
medial arthrotomy (10) of the talocrural
joint was performed in order to inspect the
talar joint surface for existing OCD lesions.
Visible old OCD lesions were covered with
remodelled cartilage and treatment was not
performed. After joint inspection, the joint
capsule was closed using a simple interrupt-
ed suture pattern (polydioxanone
b
2.5 met-
ric), preplacing the sutures before tying
them. In one case, a dorsolateral arthrotomy
(11) was also performed because an addi-
tional free joint fragment was suspected, but
arthrotomy revealed this to be an osteo-
phyte. In this case, extensive exostoses of
the medial and lateral malleolus were re-
moved with a Ruskin rongeur. The tendon
sheaths and subcutis were closed in a simple
interrupted pattern (polydyoxanone
b
1.5
metric and 2 metric, respectively). The skin
was closed in a simple interrupted pattern
(polyamide pseudomonofilament
c
1.5 met-
ric). A modified Robert-Jones bandage
(12), that extended from the toes to the shaft
of the tibia was applied for three days.
Histopathology
The excised fragments and a part of the ten-
don sheaths were submitted for histological
examination.
Anatomical study
Twenty cadaver hindlimbs were dissected
from the trunk by disarticulation of the hip
joint and weighed. Elastomeric casting re-
sin
d
(2 ml) was injected into the proximal
a
Isovist 240

, Schering AG, Baar, Switzerland.
b
PDS

, Ethicon, ProvetAG, Lyssach, Switzerland.
c
Supramid

, Aesculap AG & Co., Tuttlingen,
Germany.
d
Biresin

407, Global Tool Trading AG, Switzer-
land.
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part of the DDFT sheath in four limbs. The
green-coloured resin dispersed in the ten-
don sheath and the talocrural joint, and har-
dened within two hours. Frozen sections in a
sagittal plane were performed (Fig. 1) in
order to demonstrate the communication
between the tendon sheath and the joint.
In addition, the connection between the
DDFT sheath and talocrural joint was dis-
sected (Fig. 2) and inspected in a further 16
hindlimbs. The height, width, and diagonal
length were measured and assessed in rela-
tionship to the weight of the limb.
Results
Animals
Joint mice were detected on radiographs of
six Labrador Retrievers, one Golden Re-
triever, two Cane Corsos, one Rottweiler
and two mixed-breed dogs. Seven dogs were
male (one intact) and five dogs were female
(four intact). The mean age at presentation
was 4.4 years (range: 1.1 to 8.1) with a mean
body weight of 35.2 kg (range: 21 to 55).
Orthopaedic examination
All five of the dogs for which the results of
orthopaedic examinations were available
presented with moderate to severe lameness
(grades III to IV), a distended hock, and
marked painful enlargement of the medi-
ocaudal aspect of the distal tibia and the
plantaromedial aspect of the talocrural
joint. Clinical lameness grades improved in
four dogs, but did not resolve completely.
Two of those dogs made an improvement
from a grade III to a grade I, one dog from a
grade IV to a grade I, and one dog from a
grade IV to grade II lameness. In one dog an
improvement was not observed. Pressure on
the plantaromedial aspect of the talocrural
joint over the DDFT 12 weeks after surgery
was not considered painful in any of the
dogs.
All of the dogs were lame preoperatively
on the affected side with a significant
(P=0.02) decreased range of motion (ROM).
Flexion was 51° (± 11°) on the affected side
and 41° (± 11°) on the unaffected limb. Ex-
tension was 168° (± 5°) on the affected side
and 173° (± 6°) on the unaffected limb.
Hock flexion (52° ± 11°) and extension
(164° ± 10°) did not significantly decrease
on the affected limb 12 weeks after surgery
(P=0.78), but the difference between af-
fected and healthy leg was significant
(P=0.03) in the two level repeated measures
ANOVA. The ROM on the unaffected side
remained the same.
Radiographs
Free fragments of various sizes were ob-
served in the dorsal protruberance of the
DDFT sheaths, caudal to the tibia on stan-
dard projections in all 12 cases (Figs. 3, 4).
The affected tendon sheath appeared thick-
ened with greater radiodensity than the un-
affected side. The right DDFT sheath was
affected in seven dogs, the left in four dogs,
Fig. 2 Axial tenosynovectomy of the DDFT sheath show-
ing the rectangular opening between the sheath and the ta-
locrural joint (arrow) through which the trochlear sulcus
and the medial aspect of the lateral trochlear ridge are vis-
ible.
Fig. 1 Vertical sagittal plane of a cadaver hock joint fol-
lowing injection with 2 ml of a green-coloured casting resin
in the DDFT sheath showing dispersion of resin from the
tendon sheath into the talocrural joint. DDF tendon (white)
and filled tendon sheath (green).
Fig. 3 Mediolateral radiographs of a talocrural joint af-
fected with DJD showing a free fragment (arrow) in the
DDFT sheath.
Fig. 4 Dorsoplantar radiograph of a talocrural joint
(Fig. 3) affected with DJD showing a free fragment (arrow)
in the DDFT sheath.
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and both in one dog. The OCD lesions were
suspected on radiographs in ten cases on the
medial trochlear ridge, and in two cases on
the lateral trochlear ridge.
Supplemental preoperative radiographi-
cal projections revealed additional frag-
ments in two of five cases. These were lo-
cated distally in the pouch of the DDFT
sheath, plantar to the talus (Fig. 5). Further
free joint fragments were suspected on
radiographs in another case.
Contrast medium was visible in the
DDFT sheath of the affected side, but was
poorly identified in the talocrural joint five
minutes after injection (Fig. 6). It was
clearly visible in both the tendon sheath and
the joint of the unaffected limb (Fig. 7) five
minutes after injection.Ten minutes after in-
jection, contrast was visible in the tendon
sheaths and joints of both the affected and
unaffected limb.
Postoperative follow-up radiographs re-
vealed mild progression of DJD in four cases
and extensive progression with the formation
of exostosis in the case in which rongeur ab-
lation of OCD lesions was performed. Evi-
dence of free fragments was not found in the
DDFT sheaths or talocrural joints.
Computed tomography
Exostoses associated with DJD were evi-
dent in all cases and all free fragments were
visualized and located on CT scans.
Ultrasound
The DDFT sheath wall of affected joints
was thickened and distended compared to
the contralateral joint. Free fragments could
be seen in the proximal pouch of the DDFT
sheaths.
Force plate analysis
The PVFs of the affected limbs were signifi-
cantly (P=0.016) higher in the two level re-
peated ANOVA at follow-up (64.1 ± 8.6
%BW), compared to before surgery (58.4 ±
6.3 %BW). There was a tendency (P=0.13)
towards an improved PVI at follow-up (8.56
± 1.6 BW x sec), compared to before sur-
gery (8.2 ± 1.8 BW x sec), and a tendency
over time, i.e. pre- and post surgery
(P=0.10). However in a simple t-test, the dif-
ferences were not significant.
Surgery
The fragments were all found to be freely
mobile without any attachments inside the
tendon sheath, and could be excised by
medial tenosynovectomy. The fragments
varied in size from 2x3 mm to 5x12 mm,
were smooth, and appeared to be covered by
cartilage.
Plantaromedial arthrotomy revealed an
OCD bed at the plantarodorsal aspect of the
medial trochlear ridge of three cases. The
defect was covered by remodeled cartilage
(13) and curettage or osteostixis were not
performed (14).
Histopathology
Free fragments, completely surrounded by
cartilage were identified as rounded meta-
plastic cartilaginous proliferations with
mineralization. The loose bodies consisted
of hyaline cartilage or bone surrounded by
cartilage. Excised DDFT sheath material
showed signs of tenosynovitis with plasma-
cellular infiltration.
Fig. 5 Mediolateral radiograph of a hock showing frag-
ments of different sizes and locations (arrows) in the DDFT
sheath and effusion of the tenosynovial sheath.
Fig. 6 Mediolateral radiograph of an affected hock of a
dog five minutes after injection of contrast agent in the
DDFT sheath showing a free fragment (thin arrow) and no
filling of the talocrural joint.
Fig. 7 Mediolateral radiograph of a healthy hock of the
same dog (as Fig. 6) five minutes after injection of contrast
agent in the DDFT sheath showing filling of the DDFT
sheath and the talocrural joint on the unaffected side (thick
arrow).
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Anatomical study
A communication between the DDFT sheath
and the talocrural joint was visible after col-
oured resin injection in all cadaver limbs
(Fig. 1). The disarticulated limbs weighed a
mean of 2.88 kg. The connection between
the DDFT sheath and the talocrural joint
(Fig. 2) was located at the plantar plane of
the talus. The base of the connection was
centred at the body of the talus between the
medial and lateral trochlear ridges, and had a
mean width of 11 mm. Its edges ran along
the medial and lateral ridges of the talus with
a mean height of 13 mm.The diagonal length
of the connection had a mean of 15 mm.
Discussion
Osteochondritis dissecans of the hock is a
recognised but rare cause of pelvic limb
lameness, representing 9% of all cases of
canine OCD (3, 15). The patients in the
present report were all of large breeds. La-
brador Retrievers were over-represented,
corroborating previous findings that hock
OCD occurs primarily in large breeds, es-
pecially the Labrador (3, 15). Lesions as-
sociated with OCD are most reported (75%)
on the medial trochlear ridge (15). The lat-
eral part of the DDF runs along this part of
the flexor surface of the talus, and the DDFT
sheath communicates with the talocrural
joint at the level of the trochlear ridges (1,
2). The presence of this communication was
confirmed to be consistently present by
radio-contrast imaging in one patient, and
elastomer casting and dissection in cadaver
limbs.
The DDFT sheath free fragments ob-
served in OCD patients in the present report
appear to originate from the talocrural joint,
and migrate into the DDFT sheath through
this communication. The histopathological
findings of excised free fragments proved
them to be cartilage or bone with enchon-
dral ossification, which suggests that their
origin is older OCD lesions, thus supporting
this hypothesis. Variation in fragment size
and form, as well as cartilage covering with-
out attachment to the synovial membrane,
support the hypothesis that free fragments
receive nutrition from the joint fluid and can
undergo metaplastic changes and prolifer-
ation (16, 17). The size of free fragments at
the moment of migration from the talocrural
joint into the DDFT is not known. It seems
that the fragments probably move into the
synovial sheath when relatively small. The
opening of the communication was only
slightly larger than 1 cm in cadaver limbs
and movement of the free fragments into the
synovial sheath may be restricted due to
alignment of the DDFT, which covers the
opening.
Most free fragments in the present report
were visible on two standard radiographic
projections and were located in the proximal
compartment of the DDFT sheath. How-
ever, additional fragments were found in the
ventral compartment of the DDFT sheath in
two cases after additional radiographic pro-
jections were performed. Previous studies
report a sensitivity of only 58% for the
radiographical detection of free fragments
in the talocrural joint using standard ex-
tended and flexed dorsoplantar and medi-
olateral projections (18). Sensitivity in-
creased to 78% (18–20) using five radio-
graphic views (3, 8), and all of the fragments
were detected using CT (18). As free frag-
ments are unattached and freely mobile,
examination of the entire joint and DDFT
sheath using five radiographical projections
or CT should be considered in the assess-
ment of clinical cases. Ultrasound also
allowed demonstration of the free frage-
ments and thickening of the inflamed ten-
don sheath in this report. Further studies are
necessary to evaluate if the tendon sheath is
also thickened in OCD cases without a frag-
ment in the tendon sheath in order to find
out whether ultrasound could be used as a
diagnostic tool to differentiate the two
forms of the disease.
Mobility of the DDFT was restricted and
painful, probably due to the presence of free
fragments and concomitant inflammation
(5, 21). There was also a sign of inflam-
mation after contrast injection, which dem-
onstrated a thickened DDFT sheath with re-
stricted diffusion of contrast agent into the
talocrural joint in one case, compared to the
unaffected contralateral limb.
Excision of the free fragments in the
DDFT sheath appeared to significantly
ameliorate PVF of the affected hind limb
despite restricted range of movement
(ROM) after surgery. Lameness and digital
pressure pain diminished significantly in
four of five patients following free fragment
excision. One patient was still markedly
lame because of progressive DJD but digital
pressure pain at DDFT sheath diminished as
well in this case. Inflammation of DDF ten-
don sheath therefore seems to recede fol-
lowing the excision of free fragments. Force
plate gait analysis also showed a significant
difference between the affected and healthy
leg in vertical limb loading after fragment
excision. It is unclear whether additional
arthrotomy or tenosynotomy reduced ROM
after surgery. The benefit of exploration of
hocks affected with OCD by arthrotomy is
contentious (18, 22), and surgical outcome
may be influenced by numerous factors, in-
cluding the age of the patient, size, location
of OCD lesions, and progress of DJD in the
joint. However, DJD progresses in chroni-
cally affected joints without surgical inter-
vention (14, 22, 23), and elective surgery
can prevent or treat migration of fragments
into the DDFT sheath, with the risk of des-
tabilising the joint or decrease ROM. It is
impossible to assess whether elective sur-
gery in OCD affected hock joints is effec-
tive, because time of migration is unknown.
It seems useful to remove already migrated
fragments and not open the affected joint
without signs of free fragment.
In the present study, a decreased range of
motion was observed in all six operated
joints at follow-up examinations. Radio-
logical signs of progression of DJD was
most evident in the dog in which periarticu-
lar osteophytes were removed with a separ-
ate dorsolateral approach (11). Dogs with a
minimal plantaromedial arthrotomy (10)
did not show marked progression of DJD,
but ROM were also reduced. Although case
numbers are low, the absence of additional
free joint bodies in the tarsal joint suggests
that additional arthrotomy may not be
necessary after the removal of the joint mice
in the tendon sheath, especially if computed
tomography can be performed prior to sur-
gery to rule out the presence of talocrural
joint mice. Exploratory arthroscopy (24)
may be an alternative way to explore the
joint when feasible.
Vet Comp Orthop Traumatol 5/2008
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The present report describes the pres-
ence of free fragments in the DDFT sheath
in conjunction with talocrural OCD lesions,
and illustrates the presence and size of an in-
terconnection between the talocrural joint
and the DDFT sheath, suggesting migration
of free fragments. The condition can be
diagnosed using five radiographic views,
computed tomography, and ultra-
sonography. Tenosynovectomy and excision
of all free fragments appears to significantly
improve limb function, despite ongoing
DJD.
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